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1 Introduction 



Flavor correlations between the final-state hadron and the projectile have been observed 
in charm hadroproduction. A strong leading particle effect was seen in the difference 
between the D~ and D + distributions at large Feynman x, xp = p\\/p max , with pion 
projectiles jl], |2], |3], |], ||, [(J. More recently, hyperon beams have been used to study charm 
baryon distributions at high xp ][7|, j|, [§ [10| . Several of these experiments |7|, §, |], [l(J |ll|] 
have also studied the ^-dependent asymmetry between charm and anticharm baryons. 
This asymmetry is defined as the ratio of, for example, the difference between the A c 
and A c xp distributions divided by their sums. Only recently has such data become 



available in the strange sector [12, 13] 



The strange/antistrange baryon asymmetries A&, A&-, and Aq have been measured 



in 7r _ -induced interactions at 500 GeV by the E791 Collaboration |12|, [13|]. The mea- 
surements are around \xp\ < 0.1. They find that for xp > 0, A\ and A^ are nearly 
independent of xp while A s - increases with xp. On the other hand, at negative xp, 
only Aq is independent of xp. The other asymmetries increase as xp decreases with 
A\ > A-=-. These measurements are inconsistent with PYTHIA |L4| which produces 



essentially no asymmetry at forward xp while at negative xp } only A\ is increasing. 
The trends of the data are consistent with qualitative expectations from recombination 
models [O, O]. 



One such model that involves recombination with valence quarks was first developed 
to explain large x production of charm in the proton structure function, the "intrinsic 



charm" model originally motivated in Refs. | 15| , |16 |. The model, including leading-twist 



cc production was extended to charm hadron asymmetries such as Ap>- in subsequent 
works |[7|, [L8| |19| . In this picture, the projectile can fluctuate into a Fock state config- 
uration with at least one cc pair as well as other light qq pairs. These charm quarks 
are comoving with the other partons in the Fock state and thus can combine with these 
comoving partons to produce charm hadrons at large xp. The probability that the pro- 
jectile fluctuates into a state with the projectile valence quarks and a cc pair is ~ 0.3% 
|20| . The probability for intrinsic states with other QQ pairs scales as the square of the 



constituent quark mass. Since strange quarks are lighter than charm quarks, the cor- 
responding probability for intrinsic ss pairs in the wavefunction should be significantly 
larger. 

In this paper, we apply the combined leading- twist /intrinsic model of Ref. Jl9|] to 
strangeness production. We describe how we calculate strangeness production at leading 
twist in Section 2. Section 3 is devoted to a description of the intrinsic model for strange 
quarks. Section 4 presents the calculations of strange hadron production asymmetries in 
tt~P interactions for both positive and negative xp, the pion and proton fragmentation 
regions respectively. Our results are summarized in Section 5. 



2 Leading-Twist Strangeness Production 



The two component model we have used to study charm hadroproduction consists of 
a perturbative, leading- twist, component that normalizes the cross section at xp ~ 
and the intrinsic, higher-twist, component |fl7| , |18| , [l9fl . When addressing strangeness 
production, however, we must keep in mind that quarks lighter than charm are difficult to 
treat within the context of perturbative QCD. We thus choose a set of parton distribution 
functions that is most compatible with our needs and assume that the strange quark is 
massive, considering only the gg — > ss and qq —>■ ss production channels. 

Our treatment of strange quarks as heavy is rather uncertain since strange quarks 
are considerably lighter than charm, m s w 150 — 500 MeV ~ (1/3 — l/10)ra c , and charm 
production is already subject to large corrections beyond leading order ^TJ. The lower 
end of the strange quark mass range is close to the rif = 3 value of Aq CD and less 
than the initial scale of all parton distribution functions. The strong coupling constant 
will thus be large and the leading order (LO) cross section will only be a fraction of 
the complete result. Therefore a perturbative treatment of strange quark production is 
dubious. 

The GRV 94 LO proton parton distribution functions [^2|] are most suitable because 
the strange quark distribution vanishes at the initial scale Qq = 0.4 GeV 2 . The older 
GRV LO parton distribution functions p3|| employ a lower initial scale but an isospin 



symmetric sea {u = d) while the most recent GRV 98 LO set |23| assumes a higher 
initial scale, Qq = 0.8 GeV 2 . All other recent parton distribution functions |25j employ 



a scale of 1 GeV 2 or greater. We use the GRV LO pion set |2fJ for the pion parton 
distributions. We assume m s = 500 MeV. This constituent quark value modulates a s , 
keeping it below unity. In addition, to avoid going below Qq, we assume that both a s 



and the parton distributions are evaluated at scale /i = 2m T = lJp\ + m 2 . The xf 
distribution, obtained by integrating the differential partonic cross section over the pr 
and rapidity, y, of the unobserved quark, selects low p T . 

A LO calculation provides the basic shape of the xp distribution. The shape does 
not change significantly at higher orders, at least to next-to-leading order for charm 
and bottom quarks [p7| . We will assume that this is also true for strange quarks. We 



further assume that the factorization theorem |28|, |29|, |30|, [31] still holds for perturbative 
production of strange quarks. We will address the validity of this assumption when we 
discuss the model comparisons to the data. 

We prefer to treat the strange quark as heavy rather than as a massless parton in 
hard 2^2 scatterings, "jet-like" processes. There are several reasons for this. First, 
treating the strange quark as a "jet" means selecting a minimum pt to keep the cross 
section finite. A large minimum pp compatible with hard scattering is incompatible with 
the assumption of intrinsic production, inherently a low pt process |[L7| . A jet with a 
leading strange particle can be produced from all 2 — > 2 processes in which a strange 



quark appears in the final state. However, strange particles can also be produced from 
the fragmentation of light quark and gluon jets. In any case, there is no indication that 
the strange particles measured by E791 originate from jets. 

The if distribution of leading-twist production [[!2|] of heavy quarks by gg fusion 
and qq annihilation is 

daft yG f 2 1 D s/s (z 3 ) / „ 



+ #(*., M a )/iW 2 ) 



dt 






q=u 



where a and 6 are the projectile and target partons, 1 and 2 are the produced strange 
quarks, and 3 is the final-state strange hadron S. Feynman x is defined as xp = 
2(itit/^/s) sinh y 3 where \fs is the hadron-proton center of mass energy. The leading 
order subprocess cross sections for heavy quark production can be found in Ref. f3~3fl . 
The fractional momenta carried by the projectile and target partons, x a and Xf,, are 
x a = (rriT/y/s)(e yi +e V2 ) and Xb = (rriT/yfs)(e~ yi +e~ m ) at LO with two massive quarks 
in the final state. The strange quark contribution is negligible, less than 0.1%. We 
equate da^/dxp with H, the hard scattering cross section as a useful abbreviation. 

The fragmentation functions, Ds/ S {z), describe the hadronization of the strange 
quark into strange hadron S. Since including the unknown strange quark fragmentation 
functions would only add an additional degree of uncertainty, we assume that 

D s/S (z) = B s 5(l - z) . (2) 

A delta function for fragmentation is in agreement with low pt charm hadroproduction, 



see Ref. f3"2| . If all ten ground state strange hadrons are produced at the same rate, the 
normalization, B$, is 0.1. We may overestimate the production of some strange hadrons 
in this way. 



The LO xp distribution for n p interactions at 500 GeV, the energy of E791 ]T2|, |13| 



are shown in Fig. [I]. No K factors are included. The forward it p cross section is rather 
hard, mostly due to the harder pion gluon distribution. 

Although we have treated the strange quark as massive, we have also checked how 
the xp distribution would change if the strange quark was treated as massless and all 
2^2 scattering channels with an s quark in the final state were included. Generally, 
the additional "jet" production of strangeness is through processes such as gs — > gs and 
qs — > qs (qs — > qs) as well as for the s. Including these "jet-like" processes increases the 
cross section by a factor of 4 — 8. While this factor is not constant, it increases rather 
slowly with xp so that the difference in shape is only important at large xf where the 
cross section is decreasing more rapidly. 
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Figure 1: Strange quark production by leading-twist fusion in 7r p interactions at 500 
GeV. 

3 Intrinsic Particle Production 



The wavefunction of a hadron in QCD can be represented as a superposition of Fock 
state fluctuations, e.g. \n v ), \n v qq), \n v ss), \n v ssqq) ...components where n v are the 
valence quarks of the hadron. The additional QQ pairs are said to be "intrinsic" to the 
hadron wavefunction. When the projectile scatters with the target, the coherence of 
the Fock state is broken and the intrinsic fluctuation can hadronize. This hadronization 
can proceed either by uncorrelated fragmentation, as in leading twist production, or by 
coalescence with spectator quarks in the wavefunction |l5 , |16| , |34| . The generic intrinsic 
QQ components are generated by virtual interactions such as gg — > QQ where the 
gluons couple to two or more projectile valence quarks. The Fock states are dominated 
by configurations with equal rapidity constituents so that the quarks in an intrinsic state 
carry a larger fraction of the parent hadron momentum |I5], |T6|j . The momentum boost 
received by the quarks in an intrinsic state depends on their mass and the number of 
partons in the Fock state probed. 



We will calculate strange particle production from 7r~ (ud) + p(uud) interactions. 
At xp > the intrinsic fluctuations arise in the pion while at xp < 0, the proton 
fragmentation region, the proton can be considered the source of intrinsic fluctuations. 
We assume no strange particle production by interference between the ir~ and p Fock 

states. 



The probability for an n-particle Fock state is taken to be frame-independent and 
may be written as |L5], [16 1 



dP$ 



(JjiAjj • • • (Xj,» 



N, 



S(i-Y2=iXi 



n K-Er=i(^M)) s 



(3) 



where the subscript "iQ" denotes any generic Fock state with an arbitrary number, r, 
of intrinsic quark- ant iquark pairs. The pairs could be light, strange, or heavy. If the 



hadron has n v valence quarks, then the number of particles in the state is n = n v + 2r. 
The probability is normalized by N n where n = 4 and 5 for the minimal \n v ss) Fock 
configurations in a pion and a proton respectively. We consider initial hadron Fock 
states with up to r = 3 intrinsic pairs or n = 8 for mesons and 9 for baryons. The delta 
function in the numerator of Eq. (|J) conserves longitudinal momentum. The dominant 
Fock configurations are closest to the light-cone energy shell and therefore the invariant 
mass, M 2 = X^mf/xj, is minimized. The kinematic variables of the i th particle in the 
state are the effective transverse mass squared, fh 2 = (k^i) +'m 2 , and Xi is the light-cone 
momentum fraction. Assuming (k 2 -,^) is proportional to the square of the constituent 



quark mass, we choose m„ = 0.45 GeV and m s = 0.71 GeV p2|, |35 



There are two possible ways of producing strange hadrons in the intrinsic model. 
Both require the presence of either a strange valence quark or at least one intrinsic ss 
pair in the Fock state configuration. Strange particles may be produced by uncorre- 
lated fragmentation of a strange quark in the Fock state, as previously discussed for 
leading-twist strangeness production in Section 2. No strange hadrons are assumed to 
be produced by fragmentation of the light quarks. More importantly, the strange quark 
can hadronize through coalescence with spectator partons. If coalescence occurs in the 
minimal \n v ss) Fock state flavor correlations are introduced between the projectile and 
the final-state hadron, giving rise to a leading particle effect. While coalescence can still 
occur in higher-n Fock states, the flavor correlations are weaker and the leading particle 
effect less important. In fact, when r = 3 both the strange and antistrange hadrons can 
be produced by coalescence, giving no leading particle effect. 

Uncorrelated fragmentation does not favor the production of one strange hadron 
over any other. No other valence quarks from the final-state hadron are necessary to 
produce a strange hadron by uncorrelated fragmentation. We assume equal probabilities 
for all ground state strange hadrons, independent of their mass and quark content, as in 
the treatment of strange particle production at leading twist. We allow strange quarks 
to fragment into strange hadrons and strange antiquarks to fragment into antistrange 
hadrons. We ignore strange particle production by fragmentation of other light quarks 
in the configuration. In this case, if the strange quark fragments into a kaon, the K 
distribution is 

¥*L=[dzf[dx. dPl \ Dk,s{z) 5(x f - zx s ) . (4) 

dxF J ~Ji dx\ . . . ax n z 

The same distribution is thus valid for all strange particles produced by uncorrelated 
fragmentation from a given n-particle state. The fragmentation function from leading- 
twist production, Eq. (0), is also used here. 

If the energy denominator is minimized in Eq. ([$]), as required for the intrinsic state 
to maintain its integrity, fragmentation may cost more energy than is available to pro- 
duce the final-state strange particle. We will therefore test the importance of the frag- 
mentation mechanism in the intrinsic state by comparing our full results to those with 

pnF _ n 
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For a strange hadron, S, to be produced by coalescence, all the valence partons of 
S must be present in the Fock state. Since the multi-particle Fock states are fragile, 
they can easily coalesce into strange hadrons in high-energy, low momentum transfer 
reactions. No binding or mass effects are assumed. The coalescence contribution to 
strange hadron production is then 

,/ pnC „ n J pn 

where m = 2 for mesons and three for baryons. The coalescence function is simply a 
delta function combining the momentum fractions of the valence quarks of the strange 
hadron present in the Fock state configuration. It is clear that only a small fraction of 
the strange hadrons can be produced from the minimal configuration with r = 1 (n = 5 
for protons). However, coalescence can also occur within Fock state fluctuations with 
r > 1. Coalescence is calculated the same way in these higher configurations. 

Since we wish to study the xp distributions of all ground state strange and antistrange 
hadrons and the asymmetries between them, we include Fock state configurations with 
up to r = 3. Thus we include all possible light quark/strange quark combinations in 
Fock states with n = 9 for a proton and with n = 8 for a pion, allowing coalescence 
production of Q and Q. The minimum number of partons needed to produce a given 
ground state strange hadron by coalescence is shown in Table [3] along with the required 
combination of QQ pairs for coalescence production. 

We now discuss how the probability for the Fock states with r = 1 — 3 are determined. 
To remain close to the spirit of the original intrinsic charm model, we assume that P? 
and higher Fock state probabilities can be obtained from P? by mass scaling, as in 



Ref. fl9 |. A reanalysis of the EMC charm structure function data with next-to-leading 
order calculations of charm electroproduction by both leading-twist photon-gluon fusion 
and higher-twist intrinsic charm was shown to be consistent with an intrinsic charm 



component in the proton at large xbj of ~ 1% or less pOj . (See also Ref. fl36| .) An 
earlier analysis found P? = 0.31% [|37|, j3"8fl . To be conservative in our estimates of the 
intrinsic contribution to strange particle production, we will always assume that the 
total probability for a charm quark to arise from an \n v cc) state is 0.31% |2(], |37|, |38|| . 



regardless of the projectile identity, P^. = P£ for baryons and mesons. We scale P? by 
the square of the quark transverse masses to obtain 




\m s J 
with m c = 1.8 GeV p5| . The assumption that P^. = P£ leads to P^ = P^. 

To normalize the probability of states with r > 1, we use the method described in 
Ref. [[0|]. Data on double charmonium hadroproduction were used to set an upper limit 
on the \n v cccc) probability: P? cc ~ 0.044 P? p9| . Then the probabilities for Fock state 
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Table 1: The lowest number of partons in an intrinsic strangeness Fock state configura- 
tion for a strange hadron to be produced by coalescence. 



configurations with r = 2 (n = 7 for a proton) can be fixed. We begin with |18| 



pL~(S) 2 pL- (?) 



, m q, 



Then it follows that 

Pk = ( J) ^ = 0.704^, ^ 

\ ill's ) 

We take P? m = P? d . The relations in Eqs. ©-© also hold for the n = 6 pion Fock 
states. 

There is no guidance from intrinsic charm to normalize the Fock configurations with 
r = 3 since no triply-charm baryon distributions have been calculated. Thus we assume 
the same scaling between P? sq and P? s as between P? and P? in Eq. (||). Then 

P4 q = 0.704 p£ = 0.2 P*. (10) 

Mass scaling can then be used to obtain the other r = 3 (n = 9 for the proton) proba- 
bilities: 

PL = (§) 2p L q = o.osi i*, (ii) 

\ III 8 ) 

"isqq = I ^~ J " issq = 0-5 -P is , (12) 

\ m q/ 

Note that here P? su = Pjg Sd and Pjs UU = P^ nd = P^dd- I n this case, we also assume 
the probabilities of the eight-particle Fock configurations are equal to their nine-particle 
counterparts given in Eqs. (|T0l)-(|T2j). 

We have not included the probabilities for intrinsic states with only light quarks 
since these do not contribute to strange hadron production in pion and proton Fock 
states. If we consider hyperon beams like the E~, these light intrinsic states would also 
contribute. The light intrinsic states must of course be considered when calculating the 
full probability sum, 

P = 2^ PiQ + 2^ PiQQ' + 2^ -^iQQ'Q" "^ ( 13 ) 

Q Q,Q' Q,Q',Q" 

where Q = u, d, s, ■ ■ ■. The total probability, P = 1, sets an upper bound on Pj since all 
other probabilities for lighter and heavier quarks can be related to it, see Eqs. (|8|)-([T2|). 
Considering only the light and strange quarks with r = 1 — 3, we find P « 0.4. The 
contributions from heavier quarks do not increase P significantly. The remainder of 

9 



the hadron wavefunction would include multi-gluon as well as multiquark configurations 
which we have not included here. Thus P? cannot be significantly increased to fit data. 

The total intrinsic contribution to strange hadron production is a combination of 
uncorrelated fragmentation and coalescence. We do not consider production from con- 
figurations with r > 3. Recall that including still higher Fock states weakens the flavor 
correlations between the strange quarks and the valence quarks. In fact, only those 
strange hadrons produced in the Fock configuration with r = 1, such as the K°, K + , 
A and S + in the proton, are leading relative to the remaining strange hadrons. There 
will be an asymmetry between a H~ in a \uudssss) state and a S~ first produced in a 
\uudssssdd) state, albeit not as strong. Since the relative probabilities decrease when 
additional pairs are added to the Fock state, further contributions, even including co- 
alescence, will have only slightly different xp distributions than those resulting from 
uncorrelated fragmentation in a configuration with lower n. There is then no longer any 
advantage in introducing more pairs into the configuration because the relative proba- 
bility will decrease while the potential gain in momentum is not significant. However, 
for coalescence production of the Q, all possible final-state strange hadrons from states 
with r < 3 are counted in the total intrinsic probability. 

The unit-normalized probability distributions, (l/P^Q)(dP^X/dxp), for both uncorre- 
lated fragmentation and coalescence are given in Appendix A. These probability distri- 
butions, when properly normalized and weighted, will comprise the intrinsic contribution 
to strange hadron production. 

To calculate the full strange and antistrange hadron, S, Xp distributions in the 
intrinsic model, we include uncorrelated fragmentation of the strange quark in every state 
and coalescence from those states with the correct quark content. Since the intrinsic 
probability distributions and the coalescence mechanism are independent of the final- 
state mass, the results are identical for the ground state and higher strange resonances 
which have the same valence quarks. We have thus only taken the 10 ground state 
strange hadrons and antihadrons into account. To conserve uncorrelated fragmentation 
probability, we assume that P^f = 0.1. For the coalescence contribution, we count the 
number of possible ground state strange and antistrange hadron combinations that can 
be obtained from a given state. Each strange hadron or antihadron is assigned a weight, 
£, equivalent to the number of possible ways to produce that hadron from the total 
number of S or S hadrons in the state. 

In general, the possible number of strange hadrons is greater than the number of 
possible antistrange hadrons in a given state. This has the effect of making, for example, 
Q production by coalescence more probable than the Q in the proton since there are fewer 
antistrange hadrons in the final state. The overall effect is very small since both the Q 
and Q are only produced from the \uudssssss) state. The appropriate xp distribution 
from coalescence is weighted by the fraction of possible combinations of that final-state 
hadron to the total strange hadrons or antihadrons in each state. When a strange hadron 
can be produced by both fragmentation and coalescence, we take half the sum of the 

10 



two contributions to conserve the total probability. If P nF — 0, only the coalescence 
weight obtained from counting contributes to the total probability. 

Finally, to obtain the total probability of each strange hadron in the intrinsic model, 
we sum all the contributions from all the states. Thus 

dP S _y-\py^y^/ /l dP Kr s s)(r u u)(r d d) | t dP i(r sS )(r u u)(r d d) \ /^x 

dXF n 'r^rlrt \^ dxF dxF I 

The weight of each state produced by coalescence is £ where £ = when S cannot 
be produced by coalescence from state \n v r s (ss)r u (uu)rd(dd)) . The parameter j3 is 1 
when £ = and 0.5 when production by both fragmentation and coalescence is possible 
to conserve probability in each state. When we assume coalescence production only, 
pnF — q anc ^ p = i The number of up, down and strange QQ pairs is indicated by r u , 
rd and r s respectively. The total, r u + r^ + r s = r, is defined as r = (n — n v )/2 because 
each Q in an n-parton state is accompanied by a Q. For baryon projectiles, n = 5, 7, 
and 9 while for mesons n — 4, 6, and 8. Depending on the value of n, r, can be 0, 1, 2 
or 3, e.g. in a \uudssdddd) state, r u = 0, r^ = 2 and r s = 1 with r = 3. The detailed 
probability distributions for all strange and antistrange hadrons from the intrinsic states 
of the 7T~ and p are given in Appendix B. 

This method of assigning the probabilities without regard for strange particle mass 
is, of course, quite simplistic, especially for production by independent fragmentation, 
but adequate for testing the general characteristics of the model. The only way that 
baryon number or strangeness number enters the calculation is through the choice of S. 
Other methods of calculating the relative production rates, such as including the mass in 
a statistical fashion, would not distinguish between strange and antistrange hadrons, as 
suggested by the data |T2"|, [T3|. Therefore we make the minimum number of assumptions 



to see if the general framework of the model is correct. 



4 Model Predictions 



We now turn to specific predictions of our model for the total strange and antistrange 
hadron distributions and the asymmetries between them. The xp distribution for final- 
state strange hadron S is the sum of the leading-twist fusion and intrinsic components, 

dai K= dal + da^ 
dxF dxp dxp 



The normalization of the production cross section is determined by the Fock state 
probability, the inelastic hN cross section, and a scale factor set by the momentum 
needed to break the coherence of the Fock state. The total intrinsic cross section, 
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da^/dxp, is related to dPs/dxp by 



d°?Q = ^J^dPl (16) 

dxF 4m 2 . dxF 



The scale, /i 2 , was fixed at 0.1 GeV 2 in intrinsic charm studies | 19fl . Using this scale, 
cr ic « 0.6 //b for pions and 0.8 /xb for protons assuming P^ = 0.3%. This value of [i 2 
along with P? = 2% gives <Ji S ~ 0.24 mb for pions and 0.3 mb for protons. The inelastic 
pN and tt~~N cross sections are taken from the Particle Data Group parameterizations 
40H and are evaluated at \fp = \/s(l — \xf\) J18H . Recall that the total probability 



distributions, dPs/dxp, for each strange hadron S are given in Appendix B. 

To distinguish between the scenarios with and without fragmentation, we will denote 
dafq/dxp by F + C for fragmentation and coalescence and C for coalescence alone. The 
total distributions from Eq. ([TED are then H + F + C and H + C respectively where H 
is the leading- twist cross section in Eq. ([I]). We will also attempt to fit the asymmetry 
data by scaling the leading-twist result relative to the intrinsic contribution, denoted by 
H + aC. Since we do not know which component should be rescaled, we discuss the 
consequences in each case. We also discuss alternative ways to fit the data. Finally, we 
show the asymmetries without leading-twist fusion or fragmentation, C only. 

We give da-n/dxF = F + C from ir~p interactions at 500 GeV in Figs. ^| and [| The 
results in Fig. |2] correspond to xp > while those in Fig. |3] correspond to xp < 0. The 
distributions da-k/dxF = C are given in Figs. § and J5|. The energy dependence enters 
only through a^ N which sets the relative normalization at xp ~ 0. Some of the intrinsic 
distributions are equal for a given projectile. The largest number of distributions are 
related for the n~ since the pion has both a valence quark and a valence antiquark. 
Then, 



^iQ 


d(y^ 

dXF 






dv?Q 


d^S 


dXF 


dXF 


dXF 


d^ Q 


daf Q _ 

dXF 


dv? Q 


da? q + 


d °Fq 


dv? Q 


dXF 


dXF 


dXF 


dXF 


dXF 


dvF Q 


d<>iQ 






d ^Q 


dv?Q 



(17) 



dxF dxp dxp dxi 



The relations in the left column of Eq. (|17D are for "leading" particles with valence 
quarks in common with the projectile while those in the right column are "nonleading" . 
In addition, da\k/dxp = dafk/dxp. The antistrange hadron distributions from baryon 
projectiles are more likely than the strange hadron distributions to be the same since 
only strange hadrons can share valence quarks with the projectile. Thus, for protons we 
find that 

dxp dxp 

12 



dcr ?Q 
dxp 

rfcr iQ 



dog 

dxp 

da \Q. 



dxp 



dxp dxp 

All the equalities in Eq. fll8|) are for "nonleading" particles. 
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Figure 2: The total intrinsic strange and antistrange hadron production cross sections 
with a 7r~ projectile, (a) The solid curve is for K + = K° and the dashed for K~ = K°. 
(b) The A = A = £~ (solid) and S~ (dashed) distributions are given, (c) The S + 
(solid), £+ (dashed), S° (dot-dashed), and H° (dotted) distributions are shown, (d) The 
2~ (solid), H~ (dashed) and £1 = Q (dot-dashed) predictions are shown. 

The K~ = K° distributions in Fig. |2|(a) are the hardest strange hadron distributions 
from the ir~, as expected from Table (|. The A(S°), A, S~ and S + are the hardest 
strange baryon distributions, followed by the S° and E~. The pion-induced strange 
hadron distributions in Fig. ^ are all relatively harder than those from the proton, shown 
in Fig. H Due to the pion valence antiquark, the antistrange hadron distributions can 
sometimes be harder than the strange hadron distributions, compare the S+ and the S + 
distributions as well as the S° and the S° distributions in Fig. ||(c). 

The A in Fig. [|(b) and the E + in Fig. ||(c) have the hardest strange baryon distribu- 
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Figure 3: The total intrinsic strange and antistrange hadron production cross sections 
with a proton projectile, (a) The K + (solid), K~ (dashed), and K° (dot-dashed) cal- 
culations are presented, (b) The A (solid), A and S~ (dashed), and S~ (dot-dashed) 
distributions are given, (c) The S + (solid), S + (dashed), 2° (dot-dashed), and S° (dot- 
ted) distributions are shown, (d) The E" (solid), S~ (dashed), and Q (dot-dashed) 
predictions are shown. The Q distribution is indistinguishable from the Q distribution 
here even though the two are not identical. 
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tions in a proton projectile. The distributions are relatively flat because the final-state 
hadrons both share two valence quarks, ud and uu respectively, with the proton. Both 
can be produced from Fock states with n = 5. The A distribution is the hardest of 
the two since either of the two u valence quarks in the proton can be paired with the 
d in the minimal state while the pairing of the two u valence quarks can only happen 
once. The counting differences also occur in the higher Fock configurations, but then 
it is equally likely that the strange quark is paired with a valence or a sea quark since 
the model makes no distinction between their distributions. When only a single proton 
valence quark is shared with the final-state hadron, the average xp in the intrinsic model 
is much lower, as can be seen in a comparison between the A and E~ distributions in 
Fig. §(b). A comparison of the S° distribution in Fig. |3](c) and the S~ distribution in 
Fig. |3](d) shows that the combinatoric effect of two valence u quarks against a single 
valence d quark also affects the doubly strange baryons. The S° distribution is harder 
than the S~ even though neither can be produced in the minimal Fock configuration. 
Likewise, the K + and K° share a single valence quark with the proton. The combina- 
torial effect also holds for the mesons so that the K + has a harder distribution than the 
K°, as seen in Fig. 0(a). The antistrange meson and baryon distributions are all similar. 

The corresponding results with coalescence alone are shown in Figs. || and |5]. Now 
the low to intermediate xp fragmentation contributions are missing, resulting in much 
lower intrinsic contributions in that region. The relative normalization at high xp also 
changes since including fragmentation reduces the coalescence contribution by a factor of 
two in Eq. (14) since (3 = 0.5 with fragmentation and (3 = 1 with coalescence alone. This 



can be seen, for example, in the A distribution in Fig. f|(b). On the other hand, leaving 
out fragmentation from states with r = 1 causes the xp distributions of strange hadrons 
produced by coalescence only in Fock states with r = 3, such as the E+, to decrease 
more rapidly at high xp because the tail of the fragmentation distribution from the r = 1 
state gives a larger contribution at high xp than coalescence from the \udssuuuu) state. 
These results are typical for all strange antibaryon distributions where coalescence can 
occur in only a single Fock state. In these cases, the intrinsic model xp distribution is 
simply the corresponding distribution from Figs. |l~2l - |T5| normalized to the cross section 
as in Eq. (0). Here the differences in the distributions due to the weight factors £ in 
Eq. ( |14|) are clearly visible, as seen in the separation between the Q and Q distributions 
in Fig. |(d). 



Our complete results are the sum of the distributions shown in Figs. g-|5| with the 
leading-twist production in Fig. |l|. A comparison of these figures shows the general 
trends we can expect for da^ N /dxF in Eq. (|l|). The intrinsic cross sections in Fig. [|are 
about 100 times smaller than the leading twist cross section at xp ~ and would only 
become important for hadrons sharing valence quarks with the pion unless considerable 
rescaling is needed to fit the data. 

It is often difficult to obtain high statistics on single hadron distributions, especially 
at large xp. Therefore, a more quantitative way to study very similar strange hadron 
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Figure 4: The total intrinsic strange and antistrange hadron production cross sections 
with a 7r~ projectile including coalescence only, (a) The solid curve is for K + = K° and 
the dashed for K~ = K°. (b) The A = A = £~ (solid) and £~ (dashed) distributions are 
given, (c) The S + (solid), S+ (dashed), S° (dot-dashed), and H° (dotted) distributions 
are shown, (d) The S~ (solid), H~ (dashed) and Q = Q (dot-dashed) predictions are 
shown. 
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Figure 5: The total intrinsic strange and antistrange hadron production cross sections 
with a proton projectile including coalescence only, (a) The K + (solid), K~ (dashed), 
and K° (dot-dashed) calculations are presented, (b) The A (solid), A and S~ (dashed), 
and S~ (dot-dashed) distributions are given, (c) The S + (solid), S+ (dashed), S° (dot- 
dashed), and S° (dotted) distributions are shown, (d) The S~ (solid), S~ (dashed), Q 
(dot-dashed), and Q (dotted) predictions are shown. 



17 



distributions is through the asymmetry, defined as 

da s /dxp — da f ^ t 
da s jdxp + da s /dxp 



da s ' jdxp — da s /dxp 



where again S represents a strange hadron and S its antistrange counterpart. Note that 
we choose to form the asymmetry between strange and antistrange hadrons rather than 
defining "leading" and "nonleading" particles for each projectile because the definition 
of "leading" may change from one projectile to another. For example, the K + (us) is 
leading in the proton but not in the ir~ since the ir~ has no valence u quark. 

The asymmetries A\, As-, and Aq have been measured in 7r~-induced interactions 



at 500 GeV [|T|, |13|. The measurements are around \xp\ < 0.1. In the forward direction, 
xp > 0, A^ and Aq are independent of xp with A^ »s Aq « 0.1 while A s - increases 
with xp to As- ~ 0.2. On the other hand, at negative xp, only Aq is independent 
of xp. The other asymmetries increase as xp decreases, approaching A^ « 0.4 and 
Ao- ~ 0.3 at xp = —0.1. The data are inconsistent with PYTHIA which produces 
essentially no asymmetry between the particle/antiparticle combinations at forward xp 
while at negative Xp, only A^ is increasing significantly although less rapidly than the 



data [12, [TB[. At negative xp, As- remains small while Aq becomes negative. Note 
that even if PYTHIA was tuned to reproduce the asymmetries at xp ~ 0, the behavior 
would remain inconsistent with the data. On the other hand, the trends of the data 
are consistent with recombination models which predict A\ > As- > Aq at negative 
xp and As- > A^ ~ Aq at forward xp |L2j, |13| . The coalescence contributions to the 



intrinsic model have the same general trends as the recombination model. However, the 
distributions may differ in detail. 

We can compare our model calculations with the E791 results. In the case of a 7r~ 
projectile, positive xp is the beam fragmentation region and, in the intrinsic model, 
the strange hadrons are intrinsic to the pion. Negative xp corresponds to the target 
fragmentation region which is modeled as intrinsic production from a proton. Thus to 
form the asymmetry at negative xp, we take the proton-induced intrinsic probability 
distributions and sum these with the 7r~p leading-twist calculation. We therefore give 
results in each xp region separately. 



An asymmetry of ~ 0.14 at xp ~ 0, as seen by E791 [|T2"|, O, suggests that the 



strange baryon production cross sections are about 30% larger than those of antistrange 
baryons. This initial asymmetry between baryons and antibaryons at leading twist 
could arise from associated production of strange baryons with antistrange kaons, for 
example 7r~p — > £ + i^°7r - , Af^ + 7r~, or H~K + 7r°. Thus strange baryon production only 
requires that one or more kaons be produced to conserve strangeness and baryon num- 
ber. However, when an antistrange baryon is produced, both strangeness and baryon 
number conservation require at least two baryonsQ to be produced with it, for example 
7i~p — > AAn. These additional baryons increase the kinetic energy threshold by 3.5 GeV 

2 The baryons need not be strange if kaons are also produced. 
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!1|. The beam energy may not be high enough for the increased energy threshold of 
antistrange baryon production to be neglected. In this situation, it is easy to imagine 
a 30% or greater strange baryon and/or antistrange kaon enhancement which manifests 
itself as a nonzero asymmetry at xp ~ 0. 

To check how well our model can reproduce the trends of the data without tuning, 
we have assumed that the leading twist fusion cross section is 30% larger for all strange 
relative to antistrange baryons. We also assume that, because K + {us) and K°(ds) pro- 
duction is favored by associated production over K~(us) and K°(ds), the K + and K° 
cross sections are also 30% larger than the K~ and K°. This is more reasonable than 
forcing exact strangeness conservation in the model because the ir~p — > K°K°n kinetic 
threshold is only 360 MeV greater than that of the AK + tt~ final state and KK pair 
production would moderate the K° over K° enhancement from strangeness conserva- 
tion. There is then no exact strangeness conservation in our perturbative leading-twist 
calculation. Since a model of the exclusive strangeness production channels is inherently 
nonperturbative, it is beyond the scope of our leading-twist calculation. Therefore an 
assumption of an overall asymmetry of 30% for strange baryons and antistrange mesons 
is more reasonable than assuming exact strangeness conservation without a complete 
knowledge of the associated production channels. Therefore the real As may change 
10-20% at xp ~ with energy and final-state particle. 

On the other hand, exact strangeness conservation is required in the intrinsic model 
since s and s quarks must be added to the Fock state in pairs. Baryon production by 
coalescence is naturally favored over antibaryon production in the intrinsic model, as 
seen by inspection of Eqs. (|B.2| )-( [B~.33| ). No other initial asymmetry need be considered. 
Therefore, we assume an initial asymmetry only in the leading-twist calculation. 

We first present the asymmetries for ir~p interactions at 500 GeV in Figs. ^] and 
|7|. In the pion fragmentation region, A s + and A s o are negative at large xp due to the 
u valence quark in the 7r~. The asymmetry A-%+ is larger than A^o due to both the 
lower probabilities of the higher Fock states and the reduced average xp for a doubly 
strange hadron. On the other hand, A-%- and A s - are positive, reflecting the d valence 
quark of the ir~ . The situation is reversed for the meson asymmetries, A^-, associated 
with the u valence quark, is positive while Ajtq, associated with the d valence quark, is 
negative. This is simply because the asymmetries are defined as the difference between 
hadrons with s and s quarks. Since the 'leading' particles would be the K~{us) and 
K°(ds), with s and s quarks respectively, A K - is positive and A-^ is negative. The 
meson asymmetries are larger than the baryon asymmetries because the K~ and K° 
can be produced by coalescence already in the minimum Fock state configuration. 

Observe that A\ and Aq are virtually flat and would be exactly zero if we had as- 
sumed either exact strangeness conservation for both the leading twist and the intrinsic 
calculations or an initial asymmetry between strange and antistrange hadrons in both 
models. The fact that the asymmetry decreases with xp is because the assumed 30% 
difference between the particle and antiparticle cross sections in the leading-twist calcu- 
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Figure 6: Model asymmetries for 7r~p interactions at 500 GeV with H + F + C (solid), 
H + C (dashed), H + aC with a = 40 (dot-dashed) and C alone (dotted) are shown for 
(a) A K ~, (b) Aj^j, (c) Aa and (d) A%-. The horizontal solid curve is the asymmetry 



from leading-twist production alone. The E791 data [12, |13| on A A are also shown. 
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Figure 7: Model asymmetries for ir~p interactions at 500 GeV with H + F + C (solid), 
H + C (dashed), H + aC with a = 40 (dot-dashed) and C alone (dotted) are shown for 
(a) A^+, (b) A s o, (c) As- and (d) Aq. The result with the modified H~ distributions 
is shown in the dot-dot-dash-dashed curve in (c). The horizontal solid curve is the 
asymmetry from leading-twist production alone. The E791 data [12, [13|] on A&- and Aq 
are also shown. 
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lation becomes less important as xp increases and the intrinsic contribution begins to 
dominate. 

We also note that even though, for example in Figs. |2| and |J the intrinsic K + and 
K° xf distributions are equal and the K~ and K° xf distributions are equal, |Ar:-| an d 
\A-j7o\ are not equal. This is because the particle/antiparticle enhancement factor of 1.3 
is applied to the K + and K°, resulting in different asymmetries at low xp. We find the 
same differences at low xp between A%- and v4 2 + as well as between A s o and A s - . 

We now compare the results with H + F + C and H + C. As noted earlier, when 
the intrinsic state is assumed to undergo independent fragmentation as at leading-twist, 
the probability for the final state strange hadron to be produced within any Fock state 
is evenly divided between fragmentation and coalescence to conserve probability, hence 
(3 = 0.5 in Eq. flU]). This division results in a "dip" in the asymmetry at low xp, as 
seen for example in A%- in Fig. |6](d). (Similar results were observed for charm hadron 
asymmetries, see Ref. |17|| .) Thus, turning off intrinsic fragmentation has the general 
result of increasing the asymmetry more rapidly at low xp. The effect is largest for 
A K - and A-^ since the K~ and K° are both produced in the lowest state with n — 4. 
For particles produced by coalescence in higher Fock states, the increase is slower, such 
as for v4 s - in Fig. 0(c). Since the E~ is first produced by coalescence in the \udssss) 
state, the asymmetry does not begin to increase until xp > 0.1. This rather slow turn 
on is not in accord with the E791 data but is in better agreement with the data than 
the calculations including intrinsic-model fragmentation. The A\ and Aq results do 
not change significantly if fragmentation is neglected in the intrinsic model. Thus, the 
results in Figs. ^| and [I] reflect the general trend of the E791 data but As- does not 
increase as rapidly as the data, even with intrinsic-model fragmentation turned off. 

Regardless of whether or not fragmentation is included does not significantly affect 
the agreement of our calculations with the data for A\ and Aq. However, it is clear 
that the "dip" in As- caused by fragmentation goes in the opposite direction from the 
data. Even leaving fragmentation out does not cause As- to increase at low Xp. Thus to 
find agreement with this data, we rescale the intrinsic contribution, H + aC. We could 
equally well rescale the fusion while leaving the intrinsic fixed to achieve the same effect. 
Choosing a = 40 gives the agreement shown in the dot-dashed curves. Comparing this 
result to that with the asymmetry in the intrinsic model with C only shows that by 
xp ~ 0.4, the H + aC result behaves like that with C alone. At this point, the relative 
intrinsic contribution is large enough to produce a second peak in the xp distribution 



of H + aC : as seen in PYTHIA calculations of charm hadrons, see Ref. | 19| . This 
convergence of the two results appears at lower xf for singly strange baryons and K 
mesons, xf ~ 0.25 and 0.10 respectively. Only in these more extreme cases does As — > 1 
for most strange hadrons. 

In Table ||, we give (xp) for all particles and antiparticles at xp > 0. Generally, 
antistrange hadrons have a larger (xf) than their corresponding strange hadron. This 
occurs because the strange hadron distribution at leading twist is larger by a uniform 30% 
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Final State 


H + F + C 


H + C 


H + aC 


C only 


K-{us) 


0.259 


0.307 


0.357 


0.359 


K°(ds) 


0.178 


0.201 


0.286 


0.291 


A(uds) 


0.200 


0.253 


0.411 


0.420 


Y,~(dds) 


0.200 


0.253 


0.411 


0.420 


Y, + (uus) 


0.152 


0.144 


0.332 


0.378 


S°(uss) 


0.147 


0.124 


0.256 


0.381 


E~(dss) 


0.158 


0.163 


0.386 


0.425 


Q(sss) 


0.145 


0.119 


0.184 


0.384 


K + {us) 


0.170 


0.189 


0.285 


0.291 


K°(ds) 


0.246 


0.292 


0.357 


0.359 


A(uds) 


0.211 


0.275 


0.414 


0.420 


Y,~(dds) 


0.158 


0.152 


0.342 


0.378 


Tj + (uus) 


0.211 


0.275 


0.414 


0.420 


zP(uss) 


0.165 


0.175 


0.395 


0.425 


S _ (cfss) 


0.152 


0.126 


0.274 


0.381 


Q(sss) 


0.150 


0.120 


0.199 


0.384 



Table 2: The average xp for strange hadrons produced at Xp > in ir p collisions at 
500 GeV for all cases considered. The average xp for H alone is 0.117. 

over all xp. The multiplication makes the leading twist hadron distribution higher at low 
xp and the antihadron xp distributions do not fall steeply enough when fragmentation 
is included for the average xf of strange particles to be larger than those for antistrange 
particles. The S~ is an exception because it is leading relative to the E~. All the others 
are either equally leading or nonleading. 

In general, (xp) increases between the cases with H + F + C and H + C. However, for 
S + , H°, fi, £~, S~, and Q, (xf) without fragmentation is less than that with H + F + C. 
The drop occurs because these particles are all produced by coalescence only in n = 8 
states so that eliminating the fragmentation contribution considerably reduces the overall 
probability, thus reducing (xp), compare Figs. || and f|. Rescaling the relative cross 
sections, H + aC with a = 40, generally increases (xf) considerably, from 20% for K~~ 
and K° to more than a factor of two for the states first produced when n = 8, as 
could be expected by the existence of a second peak in some of the distributions. The 
increase in (xp) between H + aC and C alone is quite small in some cases, particularly 
for particles produced in Fock states with n = 4 and 6. The averages for K~ and K°, 
the only hadrons produced from n = 4 states, increase by less than 1%. Hadrons first 
produced with n = 6, K°, K + , A, A, £~, £+, S~, and 5°, show an increase in (xf) 
of 2-10%. The other hadrons, produced only when n = 8 increase somewhat more. 
The Q and Q show an exceptionally large increase in (xf), a factor of two, between 
H + aC and C only. This large effect is because even when the intrinsic contribution 
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is enhanced by a factor of 40 the leading-twist cross section is still dominant. Also, 
comparison of the C only results for (xp) of tt and Q show that they agree with (xp) 
of the \udssssss) state in Table £|, as expected. The same is true for other hadrons 
only produced from a single n = 8 state. Possible small differences may arise because 
while the intrinsic probability is energy- independent, the cross section is proportional to 
°Tn{v^) evaluated at y/s(l — \xp\)- 
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Figure 8: Model asymmetries for ii~p interactions at 500 GeV with H + F + C (solid), 
H + C (dashed), H + aC with a = 40 (dot-dashed) and C alone (dotted) are shown for 
(a) A K -, (b) A^o, (c) A\ and (d) v4 s -. The result with the modified A distributions 
is shown in the dot-dot-dash-dashed curve in (c). The horizontal solid curve is the 
asymmetry from leading-twist production alone. The E791 data [12[ |1|] on A\ are also 
shown. 



In Figs. |8] and || we show the corresponding model calculations at negative Xf- Now 
all the baryon asymmetries are positive at large xp except Aq which is negligible, as 
might be expected from the target fragmentation region, typically a proton in a light 
target. The fastest increase in the asymmetry is for A^ and A^+ which both have two 
valence quarks in common with the proton. The next largest strange/antistrange baryon 
asymmetry is A-%- because the S~ has a single strange quark and shares only one valence 
quark with the proton. The doubly strange baryon asymmetries are somewhat weaker 
with A s o > As- because S° coalescence production is more probable since the proton 
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Figure 9: Model asymmetries for ir~p interactions at 500 GeV with H + F + C (solid), 
H + C (dashed), H + aC with a = 40 (dot-dashed) and C alone (dotted) are shown for 
(a) A^+, (b) A s o, (c) As- and (d) Aq. The result with the modified H~ distributions 
is shown in the dot-dot-dash-dashed curve in (c). The horizontal solid curve is the 



asymmetry from leading-twist production alone. The E791 A3- and Aq data [12, I| 
are also shown. 
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has two u valence quarks and only one d valence quark. This is the same reason why 
| Ar- I is somewhat larger than \Aj^\ at intermediate xp. The meson asymmetries are 
both negative, again by the definition of As as the difference between hadrons with s 
and s quarks: the K + and K° cross sections, with u and d quarks in common with the 
proton, are larger, changing the sign of As- 

Turning fragmentation off is shown to significantly increase the asymmetries at low 
\xp\i even more so than in the pion fragmentation region in Figs. |6| and [7|. The effect is 
particularly strong for A\ where the "dip" due to probability conservation for fragmen- 
tation and coalescence causes the asymmetry to become negative for \xp\ < 0.15. The 
dip disappears when fragmentation is turned off and A^ increases rapidly already at 
\xp\ > since the A is produced by coalescence already in the \uudss) state. However, 
this rapid turn on still does not increase A^ as quickly as the data. The same slower 
turn on in Aw- without fragmentation seen in Fig. |7|(c) is also seen here. 

Note also that for H + C, at large \xp\ all As — > 1 except An since fragmentation not 
only builds up the low to moderate Xp intrinsic contribution but also tends to mask the 
effects of coalescence in higher Fock states. Thus As- < 1 at large \xp\ with H + F + C 
but A s - ~ 1 at high \xp\ for H + C because the E~ is already produced in the seven- 
particle \uudssss) state while the S~ is only produced in the nine-particle \uudssssdd) 
state. When both strange hadrons are only produced from the same Fock state, as is 
the case for the Q and Q, the asymmetry is small and nearly independent of xp since 
only the relative weight factors are different. 

Similar to the xp > results shown in Figs. |] and [7], these calculations reflect 
the trends of the data but do not increase fast enough to reproduce it in detail, even 
for H + C. Therefore we have also calculated the asymmetries with the same scale 
factor, a = 40, used to fit As- in Fig. [F[ While the agreement with As- in Fig. [| 
is also quite good, the scaled result significantly overestimates A\. The scaled results 
converge to those with C only even more rapidly than at forward xp since the decrease 
in the leading twist cross section is more rapid due to the steeper gluon distribution 
in the proton. The exception is for Aq where the different weights for Q and Q result 
in an overall negative asymmetry. The different weights also account for the fact that 
A-£+ > A^- and Aap > As- at xp ~ with C alone. The S + and S° have greater 
weights since they share u valence quarks with the proton. 

The average Xp values of the 7r~p calculations at negative xp are given in Table |^. 
The absolute values of these averages are generally smaller than those in Table |2|. This 
is due in part to the more steeply falling xp distribution at xp < in Fig. [I] which 
reflects the gluon distribution in the proton. The nonleading averages agree according 
to Eq. flT8|), as expected. 



The data seem to indicate that uncorrelated fragmentation from the intrinsic state is 
ruled out, possibly due to the energy cost from a nearly on-shell Fock state. Not only is 
fragmentation ruled out, but the increase in As- seems to require a very strong coales- 
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Final State 


H + F + C 


H + C 


H + aC 


C only 


K-{us) 


-0.142 


-0.152 


-0.248 


-0.254 


K°(ds) 


-0.142 


-0.152 


-0.248 


-0.254 


A(uds) 


-0.303 


-0.372 


-0.433 


-0.435 


Y,~(dds) 


-0.153 


-0.190 


-0.357 


-0.368 


Y, + (uus) 


-0.254 


-0.332 


-0.434 


-0.427 


S°(uss) 


-0.134 


-0.140 


-0.350 


-0.377 


E~(dss) 


-0.128 


-0.116 


-0.329 


-0.374 


Q(sss) 


-0.120 


-0.082 


-0.137 


-0.343 


K + {us) 


-0.222 


-0.258 


-0.292 


-0.293 


K°(ds) 


-0.196 


-0.236 


-0.285 


-0.287 


A(uds) 


-0.134 


-0.128 


-0.311 


-0.337 


Y,~(dds) 


-0.134 


-0.128 


-0.311 


-0.337 


Tj + (uus) 


-0.134 


-0.128 


-0.311 


-0.337 


zP(uss) 


-0.127 


-0.093 


-0.252 


-0.340 


S _ (cfss) 


-0.127 


-0.093 


-0.252 


-0.340 


Q(sss) 


-0.126 


-0.084 


-0.172 


-0.343 



Table 3: The average xp for strange hadrons produced at Xp < in ir p collisions at 
500 GeV in all our scenarios. The average xf for H alone is -0.081. 

cence contribution relative to the leading- twist result. We now examine this possibility 
in more detail. 



While we have rescaled the intrinsic contribution, it is not necessarily clear which 
component should indeed be changed. Obviously the intrinsic probability cannot be 
increased by such a large factor-it would clearly exceed the probability sum, P = 1, in 
Eq. flT3|). The only other parameter in the intrinsic calculation is /i 2 , the scale at which 
the coherence of the Fock state is broken. Increasing fi 2 by a factor of 40 would give an 
unacceptably large intrinsic cross section, o"i S = 9 and 13 mb for n~ and p interactions 
respectively, ~ 40% of the inelastic cross section. Such a large cross section seems 
unlikely. On the leading-twist side, the parameter E>s in the fragmentation function, 
Eq. (Q), could be different for different final states. We assumed E>s = 0.1 for all 
final states. However, as discussed previously, the relative rates of K, A, E, S and 
Q production are unknown. It could well be that B$ should be considerably smaller 
for doubly-strange baryons than we have chosen. Taking a slightly larger E>s for A 
production could account for the overestimate of A\ with rescaling. 



The asymmetries alone do not provide enough information about the individual cross 
sections. A comparison of the inclusive xp distributions with the model over a broader 
range of xp is essential to check whether there is any indication of a second peak at 
intermediate xf. In Fig. [10] we show the individual xf distributions that are used in 
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the asymmetry calculations in each case. There is data on H production by pion and 



neutron beams on nuclear targets [[42|, |43[ at lower energies that are consistent with the 
relatively small intrinsic component in Eq. (^|). In fact, the shapes of the measured Xp 
distributions agree with both the H + F + C and H + C results, showing no evidence 
for an enhancement at intermediate xp. 




(c) - 




-1.00 -0.75 -0.50 -0.25 0.00 0.00 0.25 0.50 0.75 1.00 
Xp Xp 

Figure 10: The model S~ xp distributions in the proton (a) and pion (b) fragmentation 
regions and the S~ xf distributions in the proton (c) and pion (d). The curves show 
the results for H + F + C (solid), H + C (dashed), H + aC with a = 40 (dot-dashed) 
and H alone (dotted) are shown for both H~ and H~. The modified H - distributions, 
H' + C, are shown in the dot-dot-dash-dashed curves in (c) and (d). 

However, rescaling, as in H + aC, is inconsistent with measured H~ distributions in 
it~A interactions at 345 GeV over a larger range of xp than that covered by the asymme- 
tries. Thus we have also checked another possibility-that the leading-twist distribution 
of strange particles is modified for those hadrons not sharing at least one valence quark 
with the "projectile" (the pion at xp > and the proton at xf < 0). This modification 
would retain the agreement of the model with the S~ xf distributions while modifying 
the asymmetries. At xp > 0, A s - would be affected but because both the Q and Q 
distributions would be modified simultaneously, leaving Aq unchanged. A\ would also 
be unaffected since both the A and A share a valence quark with the n~ . The other 
asymmetries in the forward direction would change. In the negative xp region, all the 
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asymmetries would be affected except Aq. 

The assumption that the leading-twist cross section for hadrons not sharing a valence 
quark with the "projectile" is modified so that H — > H ' = H(l — xp) 2 agrees very well 
with As- in Figs. [7| and ^| and with A\ in Fig. |], as shown in the dot-dot-dash-dashed 
curves for these asymmetries. With this assumption, Ao- rises more slowly than the 
H + aC calculations but follows the asymptotic behavior of H + aC and C only at similar 
values of xp. In Fig. |T0|(c), the difference between the H + C and H' + C curves is rather 
small for \xp\ < 0.5 where the intrinsic contribution dominates. At low \xp\, the H' + C 
distribution lies below the dotted curve with H alone and it is in this region where 
the rapid growth of the asymmetry takes place. In Fig. 0(d), the hard leading-twist 
distribution is only slightly below the calculated H + C result so that the modification 
H — > H' puts the H' + C curve lower than that with H alone over the entire xp range. 

The modification H — > H' would essentially imply a modification of the fragmenta- 
tion function Dg/ S - The difference between the fragmentation functions of S and S could 
suggest a breakdown of factorization. This may not be surprising given the "lightness" 
of the strange quark. The case for perturbative production of strangeness is rather weak 
so that it is difficult to rule out such a difference. To either verify or disprove the possi- 
bility, the xp distribution of the antistrange hadrons should be measured with sufficient 
accuracy. 

While a modification of the leading-twist distribution for "nonleading" hadrons is 



fairly ad hoc it is the one scenario that agrees with the available strangeness data [12 



|13| , |42] , f43| . Therefore any strong enhancement of the intrinsic contribution is ruled 
out. However, the absence of an intrinsic contribution seems to be ruled out also since, 
in such a case, A\ = A3- at xp < 0, clearly incompatible with the data. There 
is no evidence for modification of the leading-twist charm distributions since the D + 
xp distribution in tc~N interactions is consistent with perturbative QCD. On the other 
hand, it is interesting to note that the abscence of fragmentation would actually improve 
the agreement of the charm asymmetry data with the model calculations. 



In Fig. 11 we compare our calculations of A\, A=- and Aq for the xp range of 



the data, \xf\ < 0.12. This enhancement of the low xf region confirms that the best 



agreement in Figs. [TT|(a), (c) and (d) is with the modified leading- twist distribution. 
For the other asymmetries in (b), (e) and (f), small discrepancies could be removed by 
tuning the results at Xp = 0. 

Finally, we point out that we have assumed proton targets in all cases. If we assume 
a nuclear target and take into account both neutrons and protons in the target frag- 
mentation region, the differences between, for example, Ag- and A-^ would disappear 
if the target had an equal number of neutrons and protons. In addition, the intrinsic 
model predicts that the A dependence should be weaker than linear, A ' 71 for protons 
and A ' 77 for pions [35|. Thus the asymmetries would decrease at intermediate values 



of xp for nuclear targets. We will study strange particle production, particularly of 5 
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Figure 11: The model asymmetries are compared to the data within the range \xf\ < 
0.1. The left-hand-side shows the proton fragmentation region while the right-hand-side 
shows the pion fragmentation region. The curves show the results with H+F+C (solid), 
H + C (dashed), H + aC with a = 40 (dot-dashed) and H' + C (dot-dot-dash-dashed). 
The E791 data Iff! 



13|j are also shown. 
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and Q, as a function of xp on nuclear targets [33, |3] by a variety of projectiles in a 



future work 44 



5 Summary and Conclusions 



We have extended the intrinsic charm model of Refs. [[171 , P^l p2| to strange hadrons. 
We have inferred the probabilities for the Fock states with 1-3 intrinsic QQ pairs. We 
calculated the strange hadron distributions predicted in the intrinsic model for n~p 
interactions. We find that the model predicts asymmetries at lower values of xp than 
for the more massive charm quarks. We correctly produce the general trends of the 7r~p 
data but not the strong increase of the asymmetry at low \xf\, even when intrinsic-model 
fragmentation is switched off. The data are suggestive that fragmentation is not effective 
in the intrinsic model. The increase in the asymmetries Ag- and A\ with xf cannot 
be reproduced in the model unless either the intrinsic cross section is increased greatly 
or the shape of the leading-twist nonleading distribution is modified. Increasing the 
intrinsic cross section to obtain agreement with the asymmetries modifies the individual 



xf distributions too strongly, destroying agreement with inclusive H spectra (42], |43| . 



Modifying the leading-twist distribution is consistent with all data so far but the inclusive 
xf distributions of S~ are unavailable. We have also shown that the modified leading- 
twist distribution alone cannot describe the asymmetries since then A^ and Aa- should 
then be identical in the proton fragmentation region. Precision data are clearly needed, 
particularly on the antistrange baryon xf distributions, to test these hypotheses. 
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Appendix A 



In this appendix, we show the normalized probability distributions (1/Pjq) (dP^/dxp) , 
for both uncorrelated fragmentation and coalescence are given for the pion and proton 



Fock states in Figs. [L2|-|15|. These probability distributions, when properly weighted, 
will comprise the intrinsic contribution to strange hadron production. The probability 
distributions for pions from Fock states with n = 4, 6 and 8 are given in Figs. [12| and O. 



Figures [Tj and [15] are the corresponding intrinsic probability distributions from Fock 
states with n = 5, 7 and 9. 
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Figure 12: Strange hadron production in the intrinsic model from a tt~ projectile in 
a minimal 4-particle ss Fock state, (a), a 6-particle Fock state with light quark pair, 
q = u or d, and one ss pair, (b), and with two ss pairs (c). Both the uncorrelated 
fragmentation and coalescence distributions are shown. The solid curve in each case is 
the strange quark distribution, equivalent to the hadron distribution from uncorrelated 
fragmentation. The other curves are the probability distributions for hadron production 
by coalescence. The dashed curves are the K meson distributions. The dot-dashed 
curve in (b) is the baryon or antibaryon distribution with a single s/s quark while the 
dot-dashed curve in (c) is the doubly-strange baryon/antibaryon distribution. 
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Figure 13: Strange hadron production in the intrinsic model from a ti~ projectile in 
8-particle Fock states with one, (a), two, (b), and three (c) ss pairs. The light quark 
pairs, denoted q, refer to both u and d quarks. Both the uncorrelated fragmentation 
and coalescence distributions are shown. The solid curve in each case is the strange 
quark distribution, also the hadron distribution from uncorrelated fragmentation. The 
other curves are the probability distributions for hadron production by coalescence. 
The dashed curves are the K meson distributions. The dot-dashed curves in (a) and 

(b) are baryons or antibaryons with a single s/s quark while the dot-dashed curve in 

(c) is the doubly-strange baryon/antibaryon distribution. The dotted curves in (b) is 
the doubly-strange baryon/antibaryon distributions while the dotted curve in (c) is the 
triply-strange Q/Q distribution. 
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Figure 14: Strange hadron production in the intrinsic model from a proton projectile 
in a minimal 5-particle ss Fock state, (a), a 7-particle Fock state with one light quark 
pair, q = u or d, and one ss pairs, (b), and with two ss pairs (c). Both the uncorrelated 
fragmentation and coalescence distributions are shown. The solid curve in each case 
is the strange quark distribution, also the hadron distribution from uncorrelated frag- 
mentation. The other curves are the probability distributions for hadron production by 
coalescence. The dashed curves are the K meson distributions. The dot-dashed curves 
are baryons with a single strange quark, and the dotted curve in (c) is the doubly strange 
baryon distribution. 
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Figure 15: Strange hadron production in the intrinsic model from a proton projectile 
in 9-particle Fock states with one, (a), two, (b), and three (c) ss pairs. The light quark 
pairs, denoted q, refer to both u and d quarks. Both the uncorrelated fragmentation 
and coalescence distributions are shown. The solid curve in each case is the strange 
quark distribution, also the hadron distribution from uncorrelated fragmentation. The 
other curves are the probability distributions for hadron production by coalescence. 
The dashed curves are the K meson distributions. The dot-dashed curves are baryons 
or antibaryons (antibaryons in (a) only) with a single s/s quark, the dotted curves are 
doubly-strange baryons or antibaryons (antibaryons in (b) only), and the dot-dot-dot- 
dashed curve in (c) is the triply-strange Q/Q. 
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It is clear from a comparison of the strange quark distributions in Figs. 14(a), |T4|(b), 
and |l5|(a) from five-, seven-, and nine-parton Fock states that the strange quark takes 
less of the projectile momentum as the number of partons in the configuration increases. 
These distributions correspond to production of all strange hadrons by uncorrelated 
fragmentation. As n increases, the strange quark distribution is suggestive of those in 
parameterizations of the parton distribution functions obtained from fits to data except 
for the behavior as xp — * 0. If still more partons were included in the Fock state, 
the peak of the xp distribution would occur at smaller xp. The intrinsic model does 
not distinguish between "valence" and "sea" quarks in the state and treats all partons 
similarly except for the mg weighting of each parton momentum fraction. 

The coalescence curves are representative only since for example, in the dashed curve 
in Fig. [I4|(a), the only K mesons produced by coalescence from the \uudss) state are 
K + and K°. The probability distributions are the same for both mesons before any 
weight factors are taken into account, as will be described later. These weights only 
change the relative normalization from a given state, not the shape of the distribution. 
In some of the higher Fock states, all K mesons can be produced by coalescence and 
then the meson probability distribution is the same for all kaons even though the weights 
are different for each meson. The same is true for the A and S + distributions in the 
dot-dashed curve in Fig. [15(a), and for all baryons with a single strange quark in the 
higher Fock states. When it is possible to produce baryons with more than one strange 
quark, the average xp of the multiply-strange hadron is the largest of all the hadrons 
produced by coalescence because of the extra momentum imparted by the more massive 
strange quarks. 

When eight- or nine-particle states are considered, both strange baryons and strange 
antibaryons can be produced by coalescence. In any given eight- or nine-particle Fock 
state then, the strange baryon and any antiparticle counterpart have the same probability 
distributions although they may have different weight factors. It is only the fact that, 
in most cases, the strange baryon can be produced in Fock states with fewer particles 
that gives it the "leading" edge over the strange antibaryon. This is especially true for 
the fl and the Q which have equal probabilities and total intrinsic distributions from a 
pion but in a E", the Q can already be produced by coalescence from a 7-particle Fock 
state while the Q is only produced by coalescence in the nine-particle \ddsssssss) state. 

The average momentum fractions, (xp), of all these generic Fock states are given in 
Tables f| and |5|. The average momentum fractions carried by the strange quarks decreases 
~ 50% for all projectile hadrons between the minimal and the nine-particle Fock states. 
On average the strange quarks carry more momentum in the pion because of its lower 
valence quark content. Also, in the four-parton Fock state, the K~ and K° can take half 
the pion momentum when produced by coalescence while the singly and doubly-strange 
baryons take half the pion momentum in the \udqqss) and \udssss) six-parton Fock 
states respectively. In general, the strange baryons take more of the momentum from 
the lower p and S~ Fock states than from the pion while the strange mesons generally 
take less momentum from the proton than the pion. The situation is reversed between 
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State 


Particle 


(x F ) 


State 


Particle 


(x F ) 


\udss) 


s 


0.272 


\udssqqqq) 


s 


0.138 


» 


gs = gs 


0.500 


» 


qs = qs 


0.258 


\udssqq) 


s 


0.182 


» 


qqs = qqs 


0.379 


n 


qs = qs 


0.342 


\udssssqq) 


s 


0.133 


» 


qqs = qqs 


0.500 


n 


qs = qs 


0.250 


\udssss) 


s 


0.173 


» 


qqs = qqs 


0.368 


» 


qs = qs 


0.326 


» 


qss = qss 


0.382 


» 


qss = cfss 


0.500 


wdssssss) 


s 


0.130 




» 


qs = qs 


0.243 




» 


qss = qss 


0.371 




» 


sss = ~sss 


0.384 



Table 4: The average value of x F for strange hadrons produced by fragmentation and 
coalescence from pion projectiles in 4, 6, and 8 parton configurations with q = u or d. 

the eight-parton states of the pion and the nine-parton states of the proton and £~ 
because the additional parton in the projectile baryons dilutes the available momentum 
for coalescence sufficiently to reduce the (xp) with a baryon projectile relative to a pion 
projectile. 



39 



State 


Particle 


(x F ) 


State 


Particle 


(x F ) 


\uudss) 


s 


0.220 


\uudssqqqq) 


s 


0.123 


n 


qs = qs 


0.407 


n 


qs = qs 


0.230 


n 


qqs 


0.593 


n 


qqs = qqs 


0.338 


\uudssqq) 


s 


0.157 


\uudssssqq) 


s 


0.120 


71 


qs = qs 


0.295 


n 


qs = qs 


0.223 


n 


qqs 


0.432 


n 


qqs 


0.330 


\uudssss) 


s 


0.150 


3? 


qss = cfss 


0.342 


» 


qs = qs 


0.283 


uudssssss) 


s 


0.118 


» 


qqs 


0.416 


3? 


qs = qs 


0.218 


» 


qss 


0.434 


:? 


qqs 


0.323 




!) 


qss 


0.333 




3? 


sss = Jss 


0.344 



Table 5: The average value of xf for strange hadrons produced by fragmentation and 
coalescence from proton projectiles in 5, 7, and 9 parton configurations with q = u or d. 

Appendix B 



Here we give the total probability distributions for strange and antistrange hadron 
production from the intrinsic model from tt~ and p projectiles. Production from all 
states with up to three additional QQ pairs in the Fock configuration is included. The 
probability distributions for each possible final state combination from uncorrelated 



fragmentation and coalescence are given in Figs. [L2|-[15]. We sum all the probabilities 
over the all the states for each projectile to find the total strange hadron xp distribution 
from the intrinsic model. Thus, from Eq. ( p.l| ) 



we have 



dPs^ 

dxp 



EEEE/? 



1 dP{ 



nF 
(r a s)(r u u)(r d d) 



Tu r d 



10 



dxi 



+ i 



ApnC 

ar \{r a s)(r u u){r A &) 

dXF 



(B.l) 



The weight of each state produced by coalescence is £ where £ = when S cannot 
be produced by coalescence from state \n v r s {s's)r u {uu)r l i{dd)). The parameter (3 is 1 
when £ = and 0.5 when production by both fragmentation and coalescence is possible 
to conserve probability in each state. When we assume coalescence production only, 
pnF — q anc j p = i^ Thg number of up, down and strange QQ pairs is indicated by r u , 
r d and r s respectively. The total, r u + r d + r s = r, is defined as r = (n — n v )/2 because 
each Q in an n-parton state is accompanied by a Q. For baryon projectiles, n = 5, 7, 
and 9 while for mesons n = 4, 6, and 8. Depending on the value of n, r« can be 0, 1, 2 
or 3, e.g. in a \uudssdddd) state, r u = 0, r d = 2 and r s — 1 with r = 3. We note that 
the predictions for A and E° are identical because their quark content is the same. The 
normalized probabilities for the Fock states with two and three additional QQ pairs are 
given in Eqs. ©-(0). Recall that Pfc = 0.02. 
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The strange and antistrange hadron probability distributions from a 7r projectile 



are: 
dP, 



V+ = 1 dPt F | 1 ( 1 rfiffi | ldP^\ | 1 dPg | 1 rfiff 
dxp 10 (ixp 2 y 10 dxp 4 (ix^? / 10 dxp 

1 / 1 dP 8 £. 2 rfP^. 



dP K o 
dxp 



dP 



K~ 



dxi 



dP-rtf 
K 

dxr 




(B.2) 



(B-3) 



(B.4) 



10 G?£f 

1/ 1 »-r iss d 2 »-r iss( j \ 1 / 1 GL isss " "--* isss \ /r> p-\ 

2 V10 dx F 12 cfe F / 2 V10 dx F 16 dx F / ' '° j 

dl\ = dP& _ 1 dPt F | 1 / 1 dP^ | ldP^\ | 1 rfPg | 1 jgg 

(ix^ cfep 10 dxF 2 y 10 dxp 4 dip y 10 rfxp 10 dxF 



41 



1 gfj isuu _|_ 2 " " isuu J _|_ 1 / \ dP isud , ^ " "isud | 

10 dx^ 7 dip / 2 y 10 dxF 7 dxp y 
1 U-r isdd | L [ 1 U-r issu | I d-r issn \ | L aP - ssd | L dr- lsss 




_ lsdd I _ I issu I ^" issu 1 i '-'-*- issd , ^_ lsss (VI fi\ 

10 (ixj? 2 V 10 dxp 12 dxp J 10 ofo^ 10 dxp 



dPz- = 1 rfgf | 1 dP£ | 1 / 1 dPH | lrfPj£\ | 1 dP?r 
dxF 10 dxF 10 rfxi? 2 y 10 dxF 4 rfa;^ y 10 dxF 

I J_ ""isuu if ' sud _|_ 1 .isud I i / dP isdd , ^ "Pjsdd 



10 (ixi? 2 y 10 dxF 7 rfxj? y 2 \ 10 dx^ 7 dxF J 

, -*- ^ "l issu i I issd , ^ »P issd \ 1 »-P isss , ■. 

10 dx F 2 V10 dx F 12 dx F / 10 dx F ' l ' ' 

dPx+ = i ^f | i d^ | i dpg | i agr | i / 1 dp^ n | idp^\ 

dxF 10 o?x F 10 dxF 10 &f 10 (ixp 2 y 10 ^f 7 dxF J 

I _ ^fj isud j ^-^ isdd _| "-P: [ ssu ^^ I Q£j issd , ^f__ isss /-p o\ 

10 dxi? 10 dxp 10 o?xp 10 o?Xi? 10 dxp 

dp~o = i dPt F | i gpg | i rigg | i rfgf | i di^ u | i rf^ 

dx/r 10 (ixp 10 dxF 10 &f 10 <ixp 10 dxF 10 (ix^ 

i i "Msdd \ _ I ^fjssu j ^£j issu \ _. J_^Mssd , ^ ^Msss /r> a^ 

10 cix^ 2 y 10 dxi? 12 d^F / 10 (ix^ 10 dx^ 

d^- = 1 dP { f | 1 rfiffi | 1 rfffg | 1 / 1 dP^ | l_dPjg\ 

dxp 10 dx/r 10 dxi? 10 dxp 2 y 10 dxp 7 dx^ y 

1 dP 8F 1 r/P 8F 1 r/P 8F 1 / 1 dP 8F 1 dP 8C \ 

I - 1 u - r isuu i L "-'isud i L ur isdd , I L "-'issu , x u - r issu \ 



10 (ixi? 10 dxF 10 dxp 2 y 10 dxp 12 dxp y 

, 1 (]_dPZ 2 di*£\ 1 / 1 df*£ ^_rfig\ fB , 

2 yiO dx F 12 dx F J 2 yiO dx F 16 dx F J ' l ' J 

^h = 1 ggf | 1 dP£ | 1 rfgl | 1 dP^ | 1 dP^ | 1 rfP^ d 

d^ir 10 dxp 10 dxi? 10 dxp 10 o?xp 10 dxf 10 dxp 

, j; ""isdd | 1 ""issu , j; ""issd , ( ^" isss , \ ""isss \ fR 111 

10 dxp 10 dxi? 10 dxi? 2 y 10 dx^ 16 dxp J 

dPx = djjt _ 1 dP? | 1 dgg | 1 / 1 ^i^ , ldi^\ , 1 dPg 

dxp dxp 10 dxi? 10 dxp 2 y 10 dxp 4 dxp y 10 (ix^ 

j; " "isud , 2 " "isud \ , £ ( 1 " "isdd , 2 " "isdd \ 

10 dxp 7 dxp J 2 y 10 dxp 7 dxp ) 

*- dP lsS( i <Z "Pjssd \ _|_ -*- dP lsss /„ _s 




10 o?xf 12 dxi? y 10 dx F 

dPy- = 1 ^if , 1 d^ , 1 dP& | 1 dP4 F | 1 dP^ , 1 ^iL F d 
dxp 10 <ixi? 10 d^ir 10 dxp 10 dxp 10 dxp 10 dx^ 

1/ 1 Q-fj sdd 1 "-T isdd \ , i Q£jssu I dP- j ssd L "-* isss /r> i o\ 

2 y 10 d^i? 7 dxf / 10 dxF 10 dxi? 10 dxp 
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dP* ._ 1 dPf , 1 ( 1 dPZ , idP£\ , l dp*? l dPPI 



i isu isu i isu 

dxF 10 dx^ 2 y 10 dxp 4 dx^ y 10 dxF 10 dx^ 

1 "" isud \ 
7 dx^ y 

1 «-fj ss d 1 "-fisss 




12 dx^ y 10 dx^ 10 dxF 
dP? = 1 dP* | 1 dPff | 1 dfg | 1 / 1 rfgf | ldPJf\ 
dx^ 10 dx^ 10 dx.F 10 dx^ 2 y 10 dx^ 7 dx^ y 

"" isdd I ( dP issu 2 tt-P issu \ 



(B.14) 



10 dxp 2 y 10 dxp 12 dx^ y 
- \ 1/1 dP 8F 3 dP 8C, \ 

issd \ , I L U1 isss i u "- 1 isss 1 



+ _ 1SSS _l isss eg 15) 

12 dx F y 2 ylO dx F 16 dx F J ' 

^i- = 1 ggf , 1 *P% , 1 ^d F , 1 dPg | 1 rfPff u | 1 dP*j d 
dxp 10 dxp 10 dx^ 10 dx^ 10 dxp 10 dx^ 10 dxp 

, 1 " "isdd | 1 " " issu I | issd , 1 ""issd ] , \ ""isss (R lfil 

10 dx F 10 dx F 2 ylO dx F 12 dx F J 10 dx F ' { ' ' 
dPn = 1 dPt F | 1 rfiffi , 1 dPg | 1 rfi*f | 1 dPZ, | 1 dP^ 
dxp 10 dx^ 10 dxp 10 dx^ 10 dx^ 10 dxp 10 dx^ 

i 1 ^£j isdd I 1- »-T j asu L "-* issd I | isss I ^£j isss \ /r> i -r\ 

10 dx^ 10 dx^ 10 dx^ 2 y 10 dxp 16 dx^ y 

The strange and antistrange hadron probability distributions from a proton projectile 
are: 

dP K+ = 1 / 1 dP?/ | 2dgf \ | 1 / 1 rfPff | 3dP^\ 

dx^ 2 ylO <ixi? 4 rfx^ y 2 y 10 dx^ 5 dxF J 

, 1 / 1 rfP^ , 2 df^ 



+ - 



10 dx^ 5 dx^ 



10 dx^ 7 dx^ y 2 y 10 dxp 

1 ""isdd | ^ «P; s dd I , / ""issu , " "Pissu \ 



10 dx^ 7 dx^ y 2 y 10 dxp 13 dx^ y 





1 dP?Z 4 dP°£\ 1 / 1 dP?I 6 dP?£ 



issd I issd I i / isss , ~ isss i /pi ~\Q\ 



) 



2 y 10 dxp 13 dx^ y 2 ylO dxp 19 dx^ y 

dP K o _ ifldP^ | ldPjf\ | ifldPZ | ldPjIf 



cixp 2 y 10 dxp 4 cix^p y 2 y 10 (ix^ 5 dxp J 

, 1 / 1 dP^ , 2dP^\ , 1 / 1 dP^f , 2 dP^f 



+ t^^ +^ tt:^^ + 



10 dxF 5 dxp y 2 \ 10 dxp 10 dx^ 
+ 



1 dP 9F 1 dP 9C \ 1/1 dP 9F 2dP 9C * 

1 "Msuu , - 1 - "-Msuu 1 , / x "Msud , z "-Msud 



10 dxp 7 dxp J 2 \ 10 dxp 7 dxj 
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dP-770 
K 

dxp 



dPA 
dxp 



dxi 



dP^+ 

dXF 



L dP isdd , ^ »" isdd | _|_ 1 / \ "" issu _|_ ^ "-T i ssu \ 



10 dxF 7 d^iT y 2 y 10 dxF 13 otei? J 

1 UJ :„ or | 4 (li;„„j \ 1 / 1 O.Tj occ O flll™ 



1 



19 <irp y 

drx~ 1 ur ; « 1/1 dr-, a „ 1 dr-, e „ \ 1 dr, ar \ 1 dr-, aa 

dXF 




13 cixi? 

(B.23) 



13 <£c^ y 
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1 " " isdd , J_ "" isdd ) l [ ' ssu _i_ ___ issu | 

r ' ' ' : ' 10 dx F 22 cia; F J 





"Mssd i 2 dP issd \ 1/1 dP isss 3 a-P isss \ ,_ _.s 

+ -— » + ^ ( io^7 + ^^7 J ' (R24) 



dP H o 1 dP,F _ 1 dP?I 1 dPlJ 1 ( 1 dPlf 2 dPlf 



isd i L I ' U,J iss i ^ U,J iss \ 



dxF 10 dx^ 10 dxF 10 da;^ 2 V 10 dxF 13 da^ I 



, 1 " " isuu _|_ \ " " isud _|_ 1 ""isdd , £ / * ""issu , g ""issu \ 

10 dxp 10 da^F 10 dxF 2 y 10 dx F 22 drc^ y 
, I f 1 <**££ 2 dP^A 1 / 1 dP^ _^dPjg\ fB , 

2 ^10 dx F 22 dx F / 2 \10 dx F 28 dx F J ' { ' ' 



dP P - 1 rfP! F 1 dP 7 I 1 dPl F 1 / 1 dP?J 1 rfP 



57C** 

I I :- 1 1 _ I Ml _,_ _ | ISS | ' " "* iss 



dx F 10 (ixi? 10 d^p 10 dx F 2 y 10 dx F 13 dxj? y 

1 dP 9F 1 r/P 9F 1 r/P 9F 1 / 1 dP 9F 1 dP 9C \ 

i x " ,J isuu _| x "'-' isud _| x "'-' isdd , ^_ I x Lbl issu , ' U,J issu I 



10 dx F 10 dxp 10 drr/r 2 y 10 dxp 22 dx F y 

1 / l df*£ 2 dP^A i / l dP^ ^rfigA 

2 yiO dx F 22 rfx F y 2 yiO dx F 28 dx F J ' l ' J 

^-Pfl = 1 dP^ 1 dPH 1 rfPjsd . 1 dPls , 1 ^-Pjsuu , 1 ^-Pjsud 

dxi? 10 d^p 10 dx F 10 dxj? 10 dxp 10 dx^ 10 dxi? 

1 r/P 9F 1 r/P 9F 1 dP 9F 1 / 1 r/P 9F 1 dP 9C \ 

i x " J isdd _| x " J issu , x " J issd , ±_ I x Lil isss , x Lil isss 1 /-p 07^ 

10 dx F 10 cfe F 10 dx F 2 yiO dx F 28 dx F ) ' l ' J 
^ = dP^o _ 1 dgf | 1 dP£ | 1 dP£ | 1 dPff 
d^i? dxp 10 dxir 10 (i^j? 10 dxp 10 ofe^ 

I \ ""isuu _|_ £ / \ " "isud _|_ 1 " "isud \ _|_ 1 " "isdd , \ " "issu 

10 dxp 2 y 10 dxp 7 dxp J 10 dx F 10 dx^ 
1 dP?I d 1 dP^ 

issd I isss /p> no\ 

10 cixi? 10 da;^ 

dp jr = 1 ^if , 1 dP^ , 1 dP^ | 1 dP^ | 1 dP 9F u | 1 di^ 

(ixi? 10 dxp 10 cfep 10 dxp 10 dxF 10 cixj? 10 dxp 

dP 9F 

(B.29) 

^V = ]_dP^ + ]_dP^ + J_dP^ + J_dP^_ + lfj_dPZ, IdPB 
dxp 10 dxp 10 g^f 10 dxp 10 dx^ 2 y 10 dxp 

1 r/P 9F 1 dP 9F 1 dP 9F 1 dP 9F 1 dP 9F 

I x tt - t isud j x "'-' isdd , x ^ issu , x "'■' issd , x tt - t isss 

10 dx F 10 (i^i? 10 dxF 10 (ixj? 10 dxF 
d p *> = 1 dPT | 1 dPl F | 1 dPl F | 1 dfg | 1 d^ u | 1 dP 9F 
dxF 10 dxp 10 dxi? 10 dxF 10 dxp 10 dxF 10 d^p 

, -*- " "isdd I | dP issu 1 dP issu \ 1 "Pjssd 1 " "isss fR 3T 

10 ofep 2 y 10 dx^ 13 dxp J 10 dx^ 10 dxp 
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dp lT = 1 dP£ F , 1 dPZ | 1 <*Pff | 1 rfgf | 1 rfiffi u | 1 rfP^ d 
d^F 10 dxp 10 dxF 10 dxF 10 &f 10 dx^ 10 dxF 

I J; "Msdd _|_ 1 "" issu , 1 / 1 "" issd , 1 "Mssd \ . \ "-* isss /-p on\ 

10 dxF 10 cixi? 2 ylO o?xp 13 dxF j 10 ctei? 
dxF 10 dxF 10 dxi? 10 dxF 10 (ixp 10 cfc^ 10 dxF 

, 1 ""isdd , 1 ""issu , 1 ""issd I | isss , 1 " " isss \ /g oo\ 

10 dx F 10 cia; F 10 dx F 2 \10 dx F 19 rfx F / l ' J 
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